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SERUM STUDIES IN PNEUMONIA. 
THE ANTIGENIC PROPERTIES OF FIBRIN (EXUDATE) TO SERUM. 

C. C. HARTMAN. 
The R. B. Mellon Fellow in Pathology. 

(From the Pathological Laboratories, University of Pittsburgh, Pittsburgh, Pennsylvania.) 

The object of the work here reported was to determine, by the 
means at hand, the presence of antibodies in the serum of patients 
with pneumonia, which might assist in the removal of the fibrinous 
exudate during resolution. We started out on the supposition 
that human fibrin is more or less identical, though the possibility 
of its variation in diseased conditions was kept in mind. 

Lamar and Meltzer' have reported the successful production 
of lobar pneumonia in dogs by intratracheal insuffiation; Wollstein 
and Meltzer,2 that of bronchopneumonia, noting the difference in 
the fibrin content of the exudate, distinguishing true lobar pneu- 
monia from others, as well as appreciating the difference in the dis- 
tribution of the inflammation, the appearance of the reaction, the 
resolution, and the mortality. The pneumococcus seems to call 
forth a reaction in the lung sufficiently characteristic to allow 
of its differentiation from other organisms. Lamar3 has shown the 
modifying effect of the soaps on pneumococci, indicating their greater 
susceptibility to autolysis and to serum lysis after being acted upon 
by the sodium oleate. Rosenow4 has observed the toxic qualities 
of pneumococci autolysates and their power to call forth antibodies. 
Dick5 has shown the development of proteoclastic ferments specific 
for extracts of pneumococci in the blood during pneumonia. Barker6 
has shown the presence of proteoclastic enzymes in fibrinous exu- 
dates and fibrin. Opie7 particularly has observed the proteoclastic 
enzymes in leukocytes, and many others have worked with different 
phases of immunity concerned in pneumonia. 

Since fibrin is such a constant and characteristic component of 
the exudate in pneumococcus lobar pneumopia and distinguishes 

* Received for publication April 29, 1913. 4 Jour. Infect. Dis., 1911, 9, p. I9go. 
"Jour. Exper. Med., i912, 15, p. 133. s Ibid., 1912, Io, p. 282. 

* Ibid., 1912, 16, p. 126. 6 Jour. Exper. Med., 1908, io, p. 343. 
3 Ibid., 1911, 13, p. I. 7 Ibid., 19o6, 8, p. 41o. 
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it more or less from lung exudates caused by other organisms, as 
well as from exudates elsewhere in the body caused by the same 

organism (pneumococcus), the possibility of its playing more than 
a mere passive part in the process occurred to us worthy of investi- 

gation; especially, since, in pneumococcus infections elsewhere, 
fibrin does not appear in such an abundance and in them the course 
is anything but analogous to that which occurs when the lung is 
the seat of inflammation. The situation of the infection scarcely 
accounts for the difference, because other infections in the lung 
differ in character, distribution, and course, as shown by Lamar 
and Meltzer, and Wollstein and Meltzer, and as has been known 

pathologically for a long time. 
Aside from the enzymes associated with it, fibrin has been con- 

sidered to be more or less an inert material, being constant in com- 

position regardless of the location or the condition under which it 
arises. Its predominance in the exudate of lobar pneumonia, its 

purpose in the reaction, the method of its disappearance, must be 

explained in order fully to understand those interesting phenomena 
of crisis and resolution. One of the striking points in the histo- 

logical picture of a consolidated lung after crisis is the beginning 
of melting away or digestion of the strands of fibrin just within the 
alveolar wall.1 Since leukocytes contain proteoclastic enzymes, 
as do fibrinous exudates and blood serum, the disappearance of 
the fibrin would be readily explained along these lines, but it has 
not been demonstrated that this is actually the manner in which it 

disappears. Phagocytosis is considered to play little part in the 

disappearance of either the fibrin or pneumococci.2 The beginning 
of fibrinolysis at the periphery of the alveolar plug and its appear- 
ance immediately after the crisis suggested that something might 
be furnished by the blood serum which aids in the destruction of 

the fibrin, and that this might be shown in vitro. 

METHODS. 

The fibrin was obtained by whipping specimens of blood taken 

from superficial veins in the arm by the use of a syringe. The 

fibrin mass was washed in sterile, distilled water until the hemo- 
1 Ziegler, Pathological Anatomy, London, 1898, p. 833. 
2 Rosenow, Jour. Infect. Dis., 1911, 8, p. 500. 
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globin ceased to come out. It was then placed on watch crystals, 
the excess water being allowed to drain off, and kept in a desiccator 
over potash at room temperature. One specimen, however, that 
from Case 7, was recovered from a clot. The fibrin, as needed, was 

ground to a fine powder in a mortar and suspended in a quantity of 
salt solution, equal to the amount of blood from which it was 
derived. Usually there remained enough hemoglobin attached 
to the fibrin to give the powder a tinge of brown. Everything was 
carried out with a constant view to asepsis. 

The experiments were based on the Bordet-Gengou phenomenon 
of complement fixation and patterned after the Noguchi modifica- 
tion of the Wassermann reaction. The fibrin suspension was used 
as antigen. The complement was derived from fresh guinea-pig 
serum and used in an amount necessary to cause complete hemolysis 
of 1 c.c. of a 1 per cent suspension of human cells in the presence 
of a standard unit of amboceptor in one hour. The red cells were, 
with but one or two exceptions, from a constant source. 

The fibrin suspension, serum to be tested, and complement 
were measured out by separate, sterile, capillary pipettes and were 
added in the order given. All tubes were incubated either one or 
two hours before the addition of the amboceptor at 370 C, and were 
shaken thoroughly every half-hour. The final reading was taken 
at the end of two hours after the addition of the amboceptor. 

It might be well to state that there seemed to be a greater 
amount of fibrin in the pneumonic blood than in corresponding 
quantities of normal blood (surgical cases). This impression, 
gleaned only from casual observation in the gross and not con- 
trolled by actual weights, is offered merely as an impression. 
Whether this appearance was due to a difference in the compact- 
ness of the fibrin shreds or to some other factor, we do not know. 

However, in view of the fact that fibrinogen is present in the serum 
in pneumonia in increased quantities,1 this observation may be 
borne out by subsequent work. 

The serum was obtained either by centrifuging the whipped 
blood from which the fibrin had been taken, or pipetted from blood 
allowed to clot. It was kept either in sterile test-tubes or sterile 

1 Dochez, Jour. Exper. Med., 1912, 16, p. 665. 
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pipettes in a refrigerator. Thirty specimens of serum and one of 
pericardial fluid from pneumonia patients were used, one to four 
specimens being obtained from each patient. It was the intention 
to get specimens of serum at various periods of the disease and 
to try them against various specimens of fibrin. As controls, 
20 specimens of serum from convalescing surgical patients were 
used. 

ANALYSIS OF CASES. 

In this series of cases, there were 21 adults, 20 males and i 
female, ranging in age from 17 to 55 years. Fifteen recovered and 
six died. A few of these cases were complicated by other conditions. 

TABLE I. 

FIBRIN FROM NON-PNEUMONIA PATIENTS. 

No. Fibrin Serum Day of Dis- Termination Lyss or Result ease Crisis 

I...... A Case 4 7th Recovered Lysis No binding 
2...... A Case 4 Ioth 
3...... A Case 4 12th 
4...... A Case 5 1Ith Died .... Slight binding 
5 ...... A Normal (A) .... No binding 
6...... A Normal (B) .... ..... .... 
7 ...... A Case 5 IIth Died .... 
8 ...... A Case 5* 15th .." .. Complete binding 
9 ...... B Case 7 5th .... No binding 
o10...... B Case 6 I1th Recovered Lysis 

11 ...... B Normal (R) .... 
12 . . . . . B Case 4 12th " Lysis 
13 ...... B Case 4 

ioth 14 ...... B Normal (A) .... ...... 

15....... 
B Normal (B) .... 

16...... C Case 7 5th Died .... 
17...... C Case 8 

9th. " " 
18 ...... C Case 6 Isth Recovered Lysis 
I9...... C Normal (M ) .... ....... .... 
20...... C Normal (B) 
21 . . . . . D Case 9 ? Died. " " 
22 . . . . . D Case II 11th Recovered Lysis Slight binding 
23 ...... D Case 12 9th " No binding 
24 ...... D Case I3 15th 
25...... D Case 7 5th Died .... 
26...... D Normal (A) .... ...... .... 
27 ...... D Normal (B) .... 
28 ...... E Case 14 ioth Recovered Lysis Slight binding 
29 . . . . . E Case 15 2d " " No binding 
30 ...... E Normal (C) .... 

* Pericardial fluid. 

Case 9 developed a terminal pneumonia on an apical tuberculosis 
and chronic heart disease; Case 2 was suspected of having pulmo- 
nary tuberculosis, and had a tuberculous process of the vertebrae 
with abscess formation. Cases 2, 4, 6, 19, 21, and 22 had a 

history of alcoholism. There was no definite causal relationship 
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between the alcoholism and the pneumonia in Cases 6, 21, and 22, 

so that it is possible to consider i8 of the cases as true lobar 

pneumonia. Among the 21 cases, crisis occurred but twice (16 
and 23). 

The five specimens of fibrin were derived from the blood of the 
following patients: A, having an abscess of the-thigh; B, a simple 
fracture; C, a minor injury; D, recovering from a herniotomy; E, 
having an unimportant condition. 

The table represents a total of 42 trials of the five specimens of 
fibrin against the sera of 19 individuals, and a pericardial fluid. 
Thirteen of the sera and the pericardial fluid were from patients 

TABLE 2. 

FIBRIN FROM PNEUMONIA PATIENTS. 

No. Fibrin Serum Day of Dis- Termination Lysis or Result ease Crisis 

I ...... Case I Case I 7th Died .... No binding 
2 . . . . . . Case I Case 2 I3th Recovered Lysis 
3 

...... 
Case i Case 2 15th 

4 ...... Case I Normal Abscess of 
Thigh 

5 ...... Case I Case 4 7th Recovered Lysis 
6 ...... Case I Normal (Ben) .... ........ 

" " 
7 ...... Case I Normal (O W) .... 

....... . 
. " " 

8 ...... Case I Normal (Shupe) .... ....... .... Slight binding 

9...... 
Case I Normal (Fred) .... ... ... .... No binding 

10o...... Case I Normal (Mur) 
Ii ...... 

Case 2 Case 4 7th Recovered Lysis 
12 . . . . . Case 2 Case 4 Ioth " " " " 
I3 

...... 
Case 2 Normal (Shupe) .... ....... .... Slight binding 

14 
...... 

Case 2 Normal (Fred) .... ....... .... No binding 
15 ...... 

Case 2 Normal (Mur) .... 
....... .... i6 .. Case 2 Case 5 IIth Died .... Complete binding 

17 ...... Case 4 Case 6 IIth Recovered Lysis 
18...... Case 4 Case 5* 15th Died. " " 

19 ...... 
Case 4 Case 4 12th Recovered Lysis 

20 . . . . . Case 4 Case 4 ioth 
21...... Case 4 Normal (A) .... ....... .... 
22...... Case 4 Normal (Own) .... ....... .... Partial binding 
23....... Case 4 Normal (B) .... ....... .... Complete binding 
24 ...... Case 7 Case 7 sth Died .... No binding 
25...... Case7 Case 8 9th 
26 

...... 
Case 7 Case 6 

Ilth 
Recosered Lysis " 

27 ...... Case 7 Normal (M) " " 
28 

...... 
Case 7 Case 7 sth Died .... 

29 . . . . . Case 7 Normal (A) .... 
..... 

" " 

* Pericardial Fluid. 

having pneumonia, and 6 from control patients. Binding of the 

complement was observed 4 times, with the serum (IIth day) and 

pericardial fluid (15th day) of Case 5, with the serum of Case 1i 
(IIth day) and with that of Case 14 (05th day). The binding of 
the pericardial fluid of Case 5 was complete; that of the 3 sera 
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slight. The sera from the cases of pneumonia varied in relation 
to the period of the disease from the second to the fifteenth day. 
The temperature fell by lysis in all cases recovering; 4 patients 
died. The binding of complement by the pericardial fluid may be 
analogous to the positive Wassermann reaction obtained in the fluid 
of the cadaver. 

The pneumonia fibrin used in these experiments was obtained 
from the following; Case 1, 7th day; Case 2, 13th day; Case 4, 
7th day; Oase 7, 5th day. 

This table represents the results of 34 trials of the different 
specimens of fibrin against 20 sera and one pericardial fluid, 10 
sera and the pericardial fluid being from cases of pneumonia and 
10 sera used as controls. The pneumonia sera varied in relation to 
the period of the disease from the fifth to the fifteenth day. Three 
patients died. In those recovering the temperature fell by lysis 
in all. 

Binding of complement occurred 10 times, 5 times by control 
sera and 5 by pneumonia sera. In 7 instances, binding occurred 
in the presence of the fibrin of Case 4. 

In order to simplify technic it was decided to powder a number of specimens of 

fibrin, mix and suspend them in alcohol and ether (9-1) to serve as a stock supply from 
which amounts necessary for each day's work could be measured out. The stock 

suspension was made so that 1 c.c. contained an amount of fibrin equal to that derived 
Jrom 5 c.c. of blood, and when diluted with 4 parts saline equaled the strength 
generally used in the experiments. It contained the fibrin derived from the specimens 
of blood from the following cases: Case 6, nth day; Case 8, 9th day; Case n, nth 

day; Case 12, 8th day, Case 14, 9th day; Case 15, 2d day. 

This mixed fibrin was used as antigen against 19 sera, 14 from 
pneumonia and 5 from control patients. In the 13 cases which 
recovered, the temperature fell by lysis in 10, by crisis in 2, and 
by protracted crisis in 1. The specimens of sera covered a wide 
range in the period of the disease?from the sixth to the twenty- 
sixth day. The controls included serum from a patient with 
known syphilis and a positive Wassermann. There was no bind- 
ing whatever observed in this series. 

That fatty substances are present in inflammatory processes is well known, and 
that lipase is present has also been indicated by Flexner.1 The modifying effect of fatty 

1 Jour. State Med., 1912, 20, p. 193. 
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substances upon bacteria, shown by Lamar, suggested the possibility of their having 
a similar effect upon fibrin. An attempt to demonstrate this was made by subjecting 
specimens of fibrin to the action of sodium oleate (Merck) in i-i,ooo solution over 
night at room temperature. The fibrin was thrown down by the centrifuge, washed 
once in saline, and resuspended in saline to the approximate strength used in the 

previous experiments. 

TABLE 3. 

MIXED FIBRIN-KEPT IN ALCOHOL AND ETHER. 

No. Serum Day of Disease Termination Lysis or Crisis Result 

I...... Case I6 7th Recovered Crisis 8th day No binding 
2 ...... Normal (D) ... 
3...... Case 16 14th Recovered Crisis 8th day 
4 ...... Normal (E) " " 5 ...... Case 16 I8th Recovered Crisis 8th day " " 
6...... Case 17 7th " Lysis 
7...... Case 18- 7th " " " " 
8...... Case 16 26th " Crisis 8th day " 
9 

...... 
Case 17 15th " Lysis 

Io...... Case 18 I4th " " " " 
II ...... Case 19g ith " " " " 
12 .. ... Normal (F) " " 
13 

...... 
Case 19 24th Recovered Lysis " " 

14 
...... 

Case 20 7th " Protracted crisis " " 
15 ...... Case 21 7th Lysis " 
16...... Case 22 6th Died 

.......... 17...... N orm al (G ) .... ........ .......... " " 
i8...... Normal (Sy- 

philitic (H) ... 
.......... 

" " 
ir ...... Case 18 4th day after Recovered Crisis? day " " 

crisis 
I 

TABLE 4. 

SOAPED FIBRIN. 

No. Serum Day of Disease Termination Lysis or Crisis Result 

I...... Case 16 7th Recovered Crisis 8th day No binding 
2...... Normal (D) .... 
3 

...... 
Case i6 7th Recovered 

, 
Crisis 8th day 

4 
...... 

Case 16 14th 
5...... Case 16 I8th 
6 ...... Case 17 6-7th Lysis 
7 ...... Case 18 7th Slight binding 
8 ...... Normal (I) 

.......... 
No binding 

The fibrin, subjected to the action of sodium oleate, was tried against 7 different 
sera-5 pneumonia and 2 control. All of the pneumonia patients recovered, one 
having a crisis. A slight binding by the serum of Case i8 was the only instance of 
binding observed. 

Experiments were also undertaken to determine the presence of antibodies in the 
serum to the decomposition products of fibrin. 

A weighed amount of powdered fibrin (o.05 gm.), approximately equal to the 
average amount derived from 5 c.c. of blood, was mixed with a suspension of fresh pus 
cells from an empyema in distilled water, a little chloroform added, and the whole 
placed in an incubator at 370 C. for 60 to 70 hours. A similar amount of fibrin was 
incubated for 20 hours, with pus cells from the same source, but having been preserved 
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in 50 per cent glycerin for 2 days. After incubating, the remains of fibrin and pus cells 
were thrown down by the centrifuge and the supernatant liquid pipetted off. This 
was used as antigen in amounts of 3 to 5 drops. 

TABLE 5. 

PRODUCTS OF FIBRIN DIGESTION. 

No. Serum Day of Disease Termination Lysis or Crisis Result 

I ....... Case 19 24th Recovered Lysis No binding 
2 ....... Case 20 7th Protracted crisis 
3....... Case 21 7th Lysis " " 
4....... Case 22...... 6th Died .......... 
5....... Normal (G) .... . .... .......... 
6....... Normal (H) 

(syphilitic) . . . . 

The products of digestion of fibrin by leukocytes were used against 6 sera-4 pneu- 
monia and 2 control. The pneumonia sera varied in relation to the stage of the disease 
from the sixth to the twenty-fourth day. Binding did not occur in any instance. 

If we eliminate from our various experiments all those reactions 
which were at all questionable, that is, where binding was not 
marked, there remain several definite and distinct observations 
which seem to be worthy of consideration. 

The fibrin of Case 4, obtained about the seventh day of the 
disease, bound complement more or less completely with every 
serum, pneumonia and otherwise, against which it was tried. Some 
of these sera had shown no binding with several other specimens of 
fibrin. This makes it appear that this specimen of fibrin differed 
in some respects from the other fibrins against which these sera 
had been tried. The stage of the disease at which the fibrin was 
obtained was similar to that of Case i, which did not show this 
reaction with any sera. Case i was a female who died in her ill- 
ness, while Case 4 was a male who recovered. The fibrin from 
Case i was kept ii days before using and that of Case 4, 12 days. 

Just wherein the difference of reaction lies, we are not prepared to 

say. Whether it is a substance mechanically adhering to the 

fibrin, or forming a combination with it, or a change in the compo- 
sition or structure of the fibrin itself, is another problem. In con- 
nection with some other experiments in progress, the possibility 
of this binding action being due to associated fatty substances sug- 
gested itself. 

The serum of Case 5 partially bound the complement in the 
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presence of one non-pneumonia fibrin and completely in the pres- 
ence of one pneumonia fibrin. The pericardial fluid taken from 
the same case at autopsy was positive in the presence of a non- 

pneumonia fibrin and the fibrin of Case 4. 
The serum of pneumonia patients did not indicate a greater 

ability as shown in the experiments, before or after crisis or lysis, 
to bind complement in the presence of fibrin. In fact, the serum 

showing the greatest ability to bind complement in the presence 
of different fibrins was from a fatal case (No. 5), about the eleventh 
and fifteenth days of the disease before the temperature had fallen. 
The antigenic property of fibrin appears to bear no relation to the 
state of the disease when collected, nor does it vary with the sub- 

sequent course of the disease. Thus too, it was found that the 
serum of Case 5 reacted with both the fibrin of a control patient and 
that from a case of pneumonia. 

Two attempts were made to immunize rabbits against fibrin. 
In the first, two rabbits were injected intraperitoneally with suc- 
cessive injections of powdered fibrin held in suspension in saline. 
After three injections, given at interval of four days, of o. 118 gms. 
fibrin each (approximately equal to that from 10 c.c. of blood), 
both of the rabbits died. A toxic peritonitis was the main finding 
at autopsy. All cultures were negative. 

Another attempt was made with two rabbits, using smaller 
amounts of fibrin. The dry powdered fibrin was sterilized at 560 C. 
It was injected intraperitoneally in amounts varying from 0.0125 
gm. to 0.025 gtn-y every second or third day for nine doses. Serum 
taken at various times did not show any antibodies toward fibrin. 
Neither were any fibrinolytic substances demonstrated in the serum. 
The serum did not possess any fibrinolytic substances, when tested 
against pure fibrin or suspension of fibrin in agar (in petri plates). 

We have found little assistance in the literature bearing directly 
upon our problem, though in some work done by Miiller (quoted 
by Kossel)1 some interesting points were brought out, indicating 
peptone in pneumonic sputum after crisis, but never before. He 
also observed the presence of a ferment in all pus-containing sputum 
capable of digesting fibrin, and that serous sputa and pneumonic 
sputa, before crisis, did not possess this power. 

1 Ztschr. f. klin. Me]., 1888, 13, p. 149. 
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The question of the formation of auto-antibodies is rather un- 
settled, though not a few believe that they may occur and have 
been satisfactorily demonstrated. The great ability of the serum 
from Case 5 to react with fibrin and bind complement, as shown 
in our experiments, suggests that some of the toxic effects of the 
disease might be due to products of fibrin digestion with the appear- 
ance of antibodies in the circulation. Such decomposition products 
of fibrin have been shown to be toxic for animals. 

general discussion. 

Fibrin, in some instances, appears to be able to bind comple- 
ment in the presence of serum, but the results are so irregular that 
they cannot be considered to be specific. Nevertheless, it is the 
indication of a process, the object of which is the digestion or lysis 
of the fibrin. Looking at it from the standpoint of auto-antibody 
formation, it is possible to view it as a reaction on the part of the 
body to rid itself of one of the products of its own manufacture. 
As such, fibrin does not exist in the body normally and may per- 
haps, on this account, act as foreign material. When the antibodies 
arrive in sufficient strength, the fibrinolysis begins, by the aid of 
complement furnished by the blood serum or leukocytes. Though 
the body might exhibit marked power to destroy or decompose the 
fibrinous exudate, in some instances, it may not possess the same 
ability to deal with the decomposition products. 

The fact that a certain number of the "normal" sera reacted 
with certain specimens of fibrin is of interest, indicating the pres- 
ence of substances in the serum similar to that found in a few pneu- 
monia sera. It is possible that these reactions are not specific, 
but are the evidence of a previous inflammatory process of a fibrin- 
ous character. 

The fact that the remains in non-resolution are principally 
fibrinous rather than cellular1 indicates an absence in the body of 
the means of removing this portion of the exudate. If the dis- 

appearance of the fibrin be entirely due to the enzyme action of the 

leukocytes and of the exudated serum, it' seems strange that autoly- 
sis or digestion of the exudate, except the fibrin, should go on to 

1 Flexner, Univ. of Penn. Med. Bull., 1903, 16, p. 1. 
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completion or near completion, in some cases of non-resolution, 
leaving the fibrin intact. It rather indicates the participation of 
something else in addition to the autolysis or digestion by leuko- 
cytic enzymes. Whether this persistence of the fibrin is due to a 
lack of preparation or "sensitization" to lysis similar to the opsonic 
reaction, or to an inherent antienzymotic action, or a lack of some- 

thing in the body fluids designed especially to remove the fibrin, 
is not apparent. Though it would appear that a common process 
brings about the removal of the entire exudate, nevertheless, a 
persistence of the fibrin in spite of the disappearance of much or 
all of the associated exudate in some instances, points toward a 
process differing from that of a leukocytic digestion, though per- 
haps working in association with it. 

The inability to immunize rabbits against fibrin is interesting 
as indicating that the tissues of this animal do not react to whole 
fibrin. A greater number of attempts with various technics would- 
be necessary, however, to demonstrate this more fully. It was 
shown by the methods used that there was no ability conferred 
upon the serum to decompose the fibrin. 

CONCLUSIONS. 

1. Human serum sometimes possesses antibodies for fibrin. 
2. Fibrin is a variable factor as antigen, some specimens being 

able to react with many sera and some with few or none. 
3. Fibrin kept in alcohol and ether loses its power as antigen. 
4. The "soaping" of fibrin does not increase its efficiency as 

antigen. 
5. Products of fibrin digestion by leukocytes do not serve as 

antigen. 
6. Serum before and after crisis or lysis does not differ strik- 

ingly in the ability to bind complement in the presence of fibrin. 
7. No relation of the ability of fibrin to act as antigen to the 

stage of the disease in pneumonia was apparent. 

I wish to express my indebtedness to Dr. Oskar Klotz for his valuable advice and 
supervision of the work, and my appreciation to Dr. McMeans of the Mercy Hospital 
and to the St. Francis Hospital, for aid in obtaining materials. 
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